A method is described for the evaluation of the speed of onset of i.v. anaesthesia in mice. The technique involves (a) determination of the median hypnotic dose (HD 50 ) by plotting the probit value of the percentage of mice sleeping, against dose on a logarithmic scale, (b) plotting mean induction time over a range of doses against the logarithm of the dose and (c) comparison of induction times at 1.25 HD 60 . All doses were given over 1 s or 10 s. A 1-s injection was thought to be of most value in the evaluation of structure activity effects whereas the 10-s injection produced results similar to those which have been reported in man. With this technique, and using 1-s injection times, induction times were found to be similar with thiopentone and Althesin. Those following methohexitone, etomidate and propanidid were marginally longer whereas ketamine and pentobarbitone were obviously slower in onset.
It is generally accepted that a rapid onset of i.v. anaesthesia is desirable to allow the dose administered to be titrated against the response of the patient. The effect of different injection techniques on the onset of thiopentone hypnosis has been investigated by a number of authors (Dundee, 1957; Wyant and Barr, 1960; Thomas, 1967; Clarke et al., 1968) . Egbert and Mitchell (1961) noted the importance of the rate of injection, a decrease in the rate of injection being associated with a delay in the onset of hypnosis. Many other factors, including the drug dosage, concentration and arm-brain circulation time, are known to be important also. The present work was designed to investigate the relative importance of some of these factors and to develop a laboratory technique, using mice, for the evaluation of the speed of onset of anaesthesia. Studies were performed with standard i.v. agents to provide a base-line against which new compounds might be selected for clinical investigation in man.
METHODS
Groups of male mice (18-22 g) of the Alderley Park strain were studied. Drugs were injected into a tail vein while the mice were restrained in a perspex holder. It was possible to observe mice through the transparent restraining apparatus and induction time was measured with a stop-watch as the interval between the beginning of injection and the occurrence of head drop. Preliminary experiments were performed with thiopentone to investigate the effect of variation in speed of injection, environmental temperature and drug dosage and concentration, on the speed of onset of anaesthesia with this agent.
Speed of injection. A standard dose of thiopentone 40 mg/kg (5 mg/ml) was given to groups of five mice over injection times ranging from 5 to 40 s.
Drug concentration. A standard dose of thiopentone 40 mg/kg was prepared in concentrations ranging from 2 to 10 mg/ml. These concentrations were administered to groups of 10 mice over a constant injection time of 10 s.
Drug dosage and environmental temperature. A range of doses of thiopentone (5 mg/ml) was administered to groups of 10 mice over injection times of 1 s or 10 s. One set of experiments was performed at room temperature (23 °C), whereas in a second series mice were held in a warming box at 36 °C before induction of anaesthesia.
Comparison of induction times with standard agents.
Results obtained in the above experiments were incorporated in the design of a technique suitable for application to a range of agents. The median hypnotic dose (HD 50 ) was calculated for each agent using the graphical method of Miller and Tainter (1944) , as that dose which causes 50% of mice to lose their righting reflexes for a period of at least 30 s. With this technique the probit value of the percentage of mice sleeping is plotted against dose on a logarithmic scale. The use of the probit scale converts the normal sigmoid dose-response curve to a straight line. Ten mice were used at each dose tested and before anaesthesia mice were held in a warming box at 36 °C. As the apparent potency of a drug can be influenced by the rate of injection, it is important, when estimating potency, to use the same injection time for the administration of each dose; the same injection time as that to be used subsequently in estimations of induction time. Standardized injection times of 1 s or 10 s were selected for this study.
Having estimated HD 50 , a range of doses up to twice HD 60 were then administered to further groups of 10 mice and mean induction time plotted against the logarithm of the dose given. From this graph it is possible to predict induction times at doses equivalent to regular multiples of HD 50 . On referring to the dose-response lines used in the potency estimations, the minimal dose which anaesthetized 100% of mice (HD 100 ) was found to be close to 1.25 x HD 60 . Therefore this point was used for an initial comparison of induction times. Where dose-reponse lines were not parallel, a more realistic comparison could be made by comparing induction times at doses equivalent to HD 100 .
RESULTS
The speed of injection was found to have a marked effect on induction time following a standard dose of thiopentone 40 mg/kg. Induction time increased in a linear fashion from 5 to 26.2 s as the duration of injection was increased from 5 to 40 s (table I) .
With a constant injection time of 10 s the administration of a standard dose of thiopentone 40 mg/kg in concentrations ranging from 2 to 10 mg/ml produced minimal variations in induction time (tablell). This result was expected as in each case the dose was given at a rate equal to 4 mg/kg per second. Had the doses been given on the basis of a constant volume/kg per second, the longer time required to inject the more dilute solutions would have been associated with longer induction times. All subsequent studies were performed with anaesthetic concentrations within the range 2-5 mg/ml.
Induction time was found to decrease as the dose of thiopentone administered was increased ( fig. 1) . Alteration of the environmental temperature produced no apparent effect on induction time when a 1-s injection was used. Following a 10-s injection mice figure 4 , which show induction times at equipotent doses.
Induction times obtained with both the 1-s and 10-s injections are given in table IV. In this table all figures for induction times relate to doses equivalent to 1.25xHD 60 .
DISCUSSION
The effect of environmental temperature on the speed of induction with the 10-s injection was anticipated in view of the results obtained by Dundee (1957) in human patients who received either thiopentone or pentobarbitone. The effect of any decrease in circulation time induced by warming was insufficient to increase further the speed of onset obtained following a 1-s injection. In both experimental and clinical pharmacological studies, three different injection techniques may be used when acute drug effects are being compared. Comparison of the onset time of two drugs administered at a given ml/kg per second, would tend to favour the more active compound as a shorter injection time would be required. If drugs are administered at a given ml/kg per second, careful attention has to be paid to the concentrations used to ensure that equipotent doses are given over similar times. The preliminary experiments carried out in the early part of the present work confirmed that the third method, the administration of all doses over a constant period, was the only method which was relatively unaffected by any difference of potency or concentration between drugs.
The ranking of induction times is similar to that reported in man by Carson, Dundee and Clarke (1975) in a study with thiopentone, methohexitone, Althesin and ketamine. Using a 1-s injection, the absolute induction times obtained in mice were shorter than those found in man when a similarly rapid injection was given. The difference is probably a result of a shorter circulation time and more rapid delivery of drug to the brain of the smaller species. When potencies and induction times were estimated in mice using a 10-s injection, onset times with the rapidly acting agents were similar to those reported in man. Therefore a 10-s injection in mice may be considered to give a reasonable prediction of the speed of onset of anaesthesia which might be expected in man following a rapid i.v. injection (1-2 s), during a period of reactive hyperaemia following temporary ischaemia of the forearm (Clarke et al., 1968) . These authors, in estimating the relative potency of thiopentone, methohexitone and propanidid, made the assumption that all three drugs have a similar speed of onset. While this assumption may be valid with these particular agents, this technique would tend to underestimate the potency of a drug which was marginally slower in onset, as a larger dose would be required to reach the desired end-point in the limited time set.
The present study is broadly similar to that of Thomas (1967) who investigated the relative potencies of methohexitone and thiopentone. In that study potency was calculated first and onset times were compared at equipotent doses. The slower mean onset times obtained by Thomas (1967) with thiopentone and methohexitone (27.6 s and 27 8.s respectively) as compared with 10-11 s obtained by Clarke and colleagues (1968) can be attributed to a slower rate of injection.
For experimental work within a new class of compounds, in which minor structural alterations may affect the ability of a drug to cross the blood-brain barrier, a 1-s injection in mice is preferred. The figures given in table III show that a slower rate of injection does not produce consistent descreases in potency, the greatest decreases occurring with propanidid and Althesin. Therefore it would appear that, even with a 10-s injection, the amount of these agents reaching the brain is reduced by either intravascular metabolism or increased peripheral distribution. By using a 1-s injection it is hoped that these influences on potency, and indirectly on speed of onset, can be minimized. Provided circulation time is constant, induction time can then be related purely to the ability of a compound to cross the blood-brain barrier.
The principle of comparing acute drug effects by using equipotent doses administered over a constant injection period is almost certainly of equal importance in the examination of the haemodynamic and respiratory effects of i.v. anaesthetic agents. Se describe un metodo para la evaluacion de la velocidad de comienzo de la anestesia i.v. en los ratones. La tecnica abarca: (a) determination de la dosis hipnotica mediana (DH 50 ) trazando el valor probit del porcentaje de ratones dormidos, frente a la dosis en una escala logaritmica, (b) trazando el tiempo medio de induccion sobre una gama de dosis, frente al logaritmo de la dosis, y (c) la comparacion de los tiempos de inducci6n a 1,25 DH 50 . Todas las dosis fueron administradas en 1 s o 10 s. Se opino que una inyeccion de 1 s era de maxima valia para la evaluacion de los efectos de actividad estructural, mientras que la inyeccion de 10 s produjo resultados similares a los que se han comunicado en el hombre. Con esta tecnica, y utilizando tiempos de inyeccion de 1 s, se hallo que los tiempos de induccion eran similares con tiopental y Althesin. Los subsiguientes a metohexitona, etomidato y propanidid fueron marginalmente mas prolongados, mientras que la ketamina y pentobarbital fueron obviamente de comienzo mas lento.
